INTRODUCTION
The stimulus to secretion in many cell types frequently results also in the activation of phospholipase A2, releasing arachidonate, which can subsequently be converted into other biologically active metabolites through the reactions of the cyclo-oxygenase or lipoxygenase pathways. Although this can be understood as an entirely relevant function in those cells such as neutrophils [1] , eosinophils [2] , platelets [3] , monocytes [4] and mast cells [5, 6] , which are involved in the secretion of inflammatory mediators, arachidonate release also occurs in non-inflammatory situations, such as the secretion of catecholamines from stimulated adrenal chromaffin cells [7] and that of insulin from pancreatic ,-cells [8] . The is suggested by the observation that mast cells [9] and eosinophils [10] undergo exocytotic secretion and morphological degranulation after the exogenous application of highly purified pancreatic phospholipase A2. On the other hand, there are situations in which substantial uncoupling has been described. Thus, in ionophoreor antigen-stimulated bone-marrow-derived mast-cell cultures (which resemble mucosal cells, not the serosal connective-tissue-type cells used in the present investigation), 02 deprivation selectively blocks arachidonate release, but has little effect on lysosomal enzyme release [11] . Activation of rodent bone-marrowderived mast cells with thrombin occurs without detectable generation of the products of the 5-lipoxygenase system [12] . Stimulation of these same cells with IgEdirected ligands or with Ca2l ionophore (A23187) is accompanied by substantial leukotriene C4 production.
In RBL-2H3 cells (a cell line related to rat mast cells) an almost total suppression (>97 %) of antigen-induced release of arachidonate can be achieved by 18 h pretreatment with dexamethasone (1 nM) , which has only a marginal effect on histamine secretion [13] . Recent investigations on the mechanism of exocytosis have involved the use of permeabilized secretory cells, which allow the direct introduction of normally impermeant effectors and inhibitors into the cytosol [14, 15] . In permeabilized mast cells we have shown that exocytosis [monitored as the release of histamine or fl-Nacetylglucosaminidase (hexosaminidase)] requires the presence of both Ca2" and GTP [16] (in practice it is normal to use a non-hydrolysable analogue such as GTP[S]); both are necessary, and together they are sufficient for secretion to occur. Exocytosis occurs independently of the activation of inositide-specific phospholipase C and the generation of diacylglycerol [17] .
Some mammalian cells possess a phospholipase A2 activity which releases arachidonate and which is activated by Ca2' at concentrations in the micromolar range when GTP or its analogues are provided [18, 19] . The possibility exists that this enzyme is responsible for the Ca2+-and/or GTP-sensitivity of the secretory response in mast cells. In the present paper solution from Boehringer Mannheim; other biochemicals were from the same company or from Sigma Chemical Co.
Mast cells were obtained by peritoneal lavage of male Sprague-Dawley rats. They were purified to near homogeneity as previously described by centrifugation through a 2 ml cushion of Percoll [20] , washed twice by centrifugation and suspended at approx. 106 ml-' in a buffered salt solution which comprised NaCl (137 mM), KCl (2.7 mM), MgCl2 (1 mM), CaCl2 (2 mM), Pipes (20 mM), glucose (5.6 mM) and bovine serum albumin (1 mg/ml). The pH was adjusted to 6.8 with NaOH.
[3H]Arachidonate (2,Ci/ml) was added and the cells were incubated at 37°C for 1 h. Time-course experiments ( Fig. 1) indicated that equilibration of the label with the main phospholipids is almost complete at this time. The cells were then sedimented and washed twice by centrifugation in a buffered solution (pH 6.8) which comprised NaCl (137 mM), KCl (2.7 mM), Pipes (20 mM) and defatted albumin (1 mg/ml). The cells were finally suspended at a concentration of approx. 0.3 x 106 ml-'. Before use, they were incubated for 5 min with metabolic inhibitors [2-deoxyglucose (6 mM) plus antimycin A (5,M)], at which time intracellular ATP was decreased to less than 30 /tM and the cells were no longer responsive to stimulation with receptor-directed ligands [16] Ca2" was buffered at concentrations between 0.1 and 10 ,UM (pCa 7-5), and Mg2+ was set at 2 mM by the use of appropriate EGTA buffers, which were prepared as described in ref. [20] . The maximum error caused by varying the concentration of ATP in the range 0-5 mM was < 0.02 pCa.
Experiments were initiated by transferring 30,tl of cells to 90 ,u of medium containing streptolysin 0 (0.4 i.u./ml final concn.), calcium buffer (3 mm final concn., to regulate pCa as indicated), MgATP and GTP[S] as indicated. Reactions were terminated after 10 min by addition of 0.7 ml of ice-cold NaCl (0.15 M, buffered at pH 7 with 10 mM-potassium phosphate), and the cells were sedimented by centrifugation. Samples of supernatant were removed for measurement of /,-Nacetylglucosaminidase as previously described [21] and for counting of radioactivity. In some experiments, the sedimented cells were retained for isolation and measurement of individual phospholipids as described below.
For the kinetic experiments (Fig. 4 ) cells were initially labelled and prepared as described above. The metabolically inhibited cells were then permeabilized and loaded with GTP[S] (as indicated) in the presence of 0.2 mm calcium buffer to maintain pCa 7. After 2 min to allow equilibration of the guanine nucleotide, they were transferred to tubes containing 3 mm calcium buffer at pCa 5, and timed samples were removed and quenched as described above. For further details see ref. [22] .
For separation of phospholipids, cell pellets were resuspended in 0.5 ml of 0.15 M-NaCl (buffered at pH 7 with 10 mM-potassium phosphate), to which was then added 1.9 ml of chloroform/methanol (1:2, v/v) plus a small quantity of carrier phospholipid (an unfractionated mixture of phospholipids isolated from neutrophils or red cells). After thorough mixing, the phases were separated by addition of 0.6 ml of 0.15 M-NaCl and 0.6 ml of chloroform [23] . The lower (chloroform) layer was removed and evaporated to dryness under vacuum. The dried lipids were redissolved in 50 ,u of chloroform and applied to 20 cm x 20 cm silica t.l.c. plates. The lipids were separated with chloroform / methanol / acetic acid/water in the proportions 75:45:12:2 (by vol.) [24] (or 74:45:3:1 [25] to ensure separation of phosphatidylinositol from phosphatidylserine). The plates were exposed to 12 vapour, and the stained spots were scraped and suspended in 0.5 ml of methanol/acetic acid/water (5:2:3, by vol.) Then 4 ml of Fluran HV scintillation fluid (BDH) was added, and radioactivity was determined by liquid-scintillation counting. 
RESULTS
Addition of streptolysin-0 to mast cells in a simple salts medium buffered at low Ca2" was sufficient to cause almost complete loss of cytosolic components, including free arachidonate, but without release of the contents of secretory granules [21] or of radioactivity from labelled lipids (Fig. 2) .
Exocytosis of histamine and lysosomal enzymes from permeabilized mast cells requires the presence of a dual effector system, comprising Ca2" and a guanine nucleotide [16] . Fig. 2 illustrates the results of an experiment in which the release of a secretory product (hexosaminidase) and the release of arachidonate from permeabilized cells were compared. In this experiment the cells were treated with streptolysin-0 in the presence of a range of concentrations of Ca2" and GTP [S] so that the stimulus was applied as the cells became permeable. The data relating effector concentration to exocytosis are very similar to those previously reported [16, 26] , and show that the operative affinity for both effectors is enhanced when ATP is provided, although this has no effect on the maximal extent We have previously noted that the extent of secretion that can be elicited declines rapidly when the effectors are provided to the cells after, instead of at the time of, permeabilization [27] . Fig. 5 
DISCUSSION
GTP and its analogues can be expected to interact with many GTP-binding proteins (G-proteins) in the intracellular environment, including, for example, Gp, which mediates the receptor-controlled activation of inositide breakdown by phospholipase C in many different kinds of cells [28] . However, we have previously demonstrated that it is possible to induce exocytosis from permeabilized mast cells under conditions in which the G -linked activation of phospholipase C is prevented by neomycin [17] . This 50 . conditions as for the arachidonate-labelled cells. At present we do not know the subcellular location of this small pool of arachidonyl phosphatidylcholine, but it seems likely to be close to the phospholipase A2 which attacks it so specifically when the cells are activated.
Arachidonate release broadly parallels the secretory event not only in terms of responsiveness to guanine nucleotides and Ca2' but also with respect to its kinetic characteristics. Thus, in the absence of ATP, the onset of exocytosis and of arachidonate release occurs within a few seconds of completing the pair of essential effectors, but a delay precedes the onset of both functions when MgATP is provided at the time of permeabilization. There is no indication that the onset of exocytosis is preceded by release of arachidonate. For the onset of secretion we have previously demonstrated that the duration of such ATP-induced delays (r) is related to the concentrations of both essential effectors, such that [22, 26] :
and we reasoned that k represents a rate constant (having second-order dimensions) in a reaction leading to the generation of a new steady state which is permissive for exocytosis to proceed [26] . Since such delays are not manifest when ATP is replaced by its non-phosphorylating fly-imido analogue, we have suggested that the rate-limiting step could be a dephosphorylation reaction. Although it has not been possible to examine the onset characteristics of arachidonate release in such detail, the present data show that these too are subject to ATPinduced delays and that with higher concentrations of GTP[S] their duration is decreased, indicating that the rate of reaction through the pre-release period is enhanced. From this we are led to conclude that the phospholipase A2 reaction that we have observed, although dependent on the presence of a guanine nucleotide, is unlikely to be under direct regulation by a G-protein, but becomes activated only after the generation of an intermediate, itself the product of a Gprotein-dependent enzyme.
There are a number of indications that release of arachidonate is not absolutely necessary for exocytosis to occur from the permeabilized cells. Thus measurable secretion is observed at low concentrations of GTP[S] (Fig. 4) or after protracted preincubation after permeabilization (Fig. 5) , and under these conditions arachidonate release is not detectable. It is of course conceivable that only a minute fraction ofthe arachidonyl phosphatidylcholine pool needs to be degraded by phospholipase A2 in order for secretion to occur, and that the much more extensive release of arachidonate which occurs in permeabilized cells activated with Ca2+ plus GTP[S] is due to the persistence of the stimulus and represents an uncoupling of the phospholipase A2 from its normal physiological role.
On the basis of our data, it seems likely that phospholipase A2 activation is not mandatory for exocytosis, and in view of the similarity (but non-identity) between the guanine-nucleotide-and Ca2+-dependencies of the two processes we cannot exclude the possibility that phospholipase A2 activation is a consequence of the membrane-fusion events implicit in the secretory mechanism. Furthermore, since metabolites of arachidonate (but not arachidonate itself) can activate mast cells [30] , it is plausible that their production during stimulated secretion in vivo has a role in recruiting more cells which can enhance the effective response to a stimulus. 1990 i I
